Ninety-six plasma and whole blood specimens from nine selected patients were analyzed for the presence of Aspergillus DNA. Nineteen specimens from three patients with proven aspergillosis were PCR positive in both materials, whereas an additional 22 were PCR positive in whole blood only. All 36 samples from six patients without signs of aspergillosis were negative in both assays. We conclude that although plasma and whole blood spiked with Aspergillus conidia showed an identical lower detection limit (10 CFU), the sensitivity of plasma PCR was lower than that of PCR performed on whole blood samples.
Invasive aspergillosis has become a major cause of infectionrelated morbidity and mortality in neutropenic cancer patients and recipients of allogeneic bone marrow transplants. In the last decade, the incidence of invasive aspergillosis has increased steadily (2) . Because of a lack of sensitive and specific conventional tests that allow early diagnosis of invasive aspergillosis (8) , different protocols based on the amplification of fungal DNA in blood samples have been published recently (14, 16) . In selected groups of patients, PCR-based assays showed a promising sensitivity and specificity, indicating the potential for early diagnosis of invasive fungal infections.
Our previously published PCR assay (3) amplifies a wide range of fungal DNA using primers binding to highly conserved regions of the 18S rRNA gene. Specificity for various fungal pathogens is achieved by species-specific oligonucleotide hybridization.
Plasma samples have been successfully used for the detection of bacterial, protozoal, and viral DNA (5, 7, 15) . However, only limited data are available for the detection of fungal DNA in plasma samples.
In order to establish a method for extracting DNA from plasma, 5-ml EDTA-anticoagulated blood samples from healthy volunteer donors were centrifuged for 10 min at 1,500 ϫ g. Then, plasma (1 ml) was spiked with Aspergillus conidia (10 6 to 10 0 CFU/ml, in serial dilutions) or Aspergillus DNA (100 pg to 10 fg, in serial dilutions), which had been extracted previously. DNA extraction was performed immediately. Spiked plasma was also stored at room temperature for 24, 48, or 72 h and at 4°C, Ϫ20°C, and Ϫ80°C for 1, 7, 28, and 84 days. Fungi for spiking experiments were obtained from the German Collection of Microorganisms and cultured on Sabouraud-glucoseagar for 72 h (Aspergillus fumigatus, DSM 790) at 30°C. Serial dilutions of conidia were prepared with sterile saline suspensions, adjusted to a McFarland standard of 0.5 (ϭ 10 6 conidia/ ml).
In addition, 96 plasma and whole blood samples from nine selected patients receiving an allogeneic bone marrow transplant were analyzed. Two 5-ml blood specimens were prospectively collected from all patients twice weekly, starting at admission to the transplant unit until day 100 posttransplantation or death. Three patients developed proven aspergillosis, which was documented histopathologically at autopsy, and six patients showed no signs of aspergillosis (halo sign or air crescent sign in computerized tomography scan). Two of the six patients received amphotericin B therapy because of fever of unknown origin refractory to broad-spectrum antibiotics. Both patients had culture-proven bacteremia.
All patients were treated in laminar air flow rooms until recovery of neutrophils to above 1,000/l was documented. For antifungal prophylaxis, fluconazole (400 mg/day) was administered. The PCR assay was run by an investigator blinded to clinical and microbiologic data. PCR results were not known to physicians and thus were not used in the management of the patients.
Samples were processed within 2 h after collection. One tube was centrifuged immediately (1,500 ϫ g, 10 min) to obtain the plasma. One milliliter of the plasma was aliquoted and stored at Ϫ80°C as a backup sample. DNA from an additional 1 ml of plasma was extracted immediately. In parallel, DNA extraction was performed from the whole blood specimens (1 ml from the second blood tube). To monitor for contamination, aliquots of saline or DNA from healthy control persons were prepared concurrently. Thirty samples from five healthy individuals were analyzed as controls in order to screen nonneutropenic plasma samples for the presence of Aspergillus DNA.
DNA from whole blood specimens was extracted as described previously (3). For DNA extraction from plasma, 1 ml of plasma was centrifuged for 10 min at 15,000 ϫ g. Then, 900 l was decanted, and 500 l of white cell lysis buffer (10 mM Tris, 10 mM EDTA, 50 mM sodium chloride, 0.2% sodium dodecyl sulfate, 200 g of proteinase K per ml) was added to the remaining volume (incubation for 45 min at 65°C), followed by a repeated incubation in liquid nitrogen and at 95°C in a heating block. For protein precipitation, 500 l of doubledistilled water and 500 l of phenol-chloroform-isoamyl alcohol (25:24:1) was added and then centrifuged for 10 min at 15,000 ϫ g. The supernatant was pipetted into a new tube. DNA precipitation was performed using 900 l of ice-cold isopropanol. Samples were stored at Ϫ80°C for 10 min, followed by centrifugation for 10 min at 15,000 ϫ g. DNA was purified once with 500 l of 70% ethanol. After lyophilization, 40 l of double-distilled water was added for resuspension. Amplification of Aspergillus DNA was performed under standard conditions (3 Amplicons were hybridized in a PCR-enzyme-linked immunosorbent assay (Roche, Mannheim, Germany) according to the manufacturer's manual using 2 pmol of biotin-labeled oligonucleotide specific for A. fumigatus (5Ј-TGGGGAACCTC ATGGCCTTCACTGGCTGTG; Roth) per ml (10) .
Plasma was spiked with Aspergillus conidia (10 6 to 10 0 /ml) or Aspergillus DNA (100 pg to 10 fg) in order to determine the sensitivity of the assay. A sensitivity of 10 CFU/ml and 100 fg of Aspergillus DNA was documented. All ␥-samples were positive in the hybridization assay, excluding the presence of PCR inhibitors in the plasma samples. These results corresponded to whole blood assays that we obtained previously (10) . In addition, the sensitivity was tested for samples kept at 4°C, Ϫ20°C, and Ϫ80°C for 1, 7, 28, and 84 days. The sensitivity was identical for samples frozen at Ϫ20°C or Ϫ80°C for up to 84 days. However, in samples stored at 4°C, slightly higher optical densities were observed. After a 24-h incubation at room temperature, the sensitivity for 100 fg of DNA was unchanged, whereas after 48 and 72 h, the sensitivity decreased to 1 pg after hybridization, indicating a loss of sensitivity by enzymatic degradation.
All 30 samples from the five healthy individuals as well as the 36 samples from the six patients without clinical signs of invasive fungal infection were negative in both assays. From three patients with histologically proven invasive aspergillosis, 19 specimens were positive in both assays, whereas an additional 22 samples were positive in the PCR from whole blood only (Fig. 1) .
Patient 1 was positive in the whole blood PCR from day 18 until day 45 but constantly negative in the plasma PCR. He developed pulmonary infiltrates on day 29 and died on day 45 despite therapy with liposomal amphotericin B, which was initiated on day 27. Patient 2 showed 19 positive samples in the whole blood PCR but only 9 in the PCR performed with plasma samples. The first positive sample could be detected at day 36 posttransplantation in the whole blood PCR, whereas plasma PCR remained negative until day 86. Pulmonary infiltrates were seen on day 39. On the same day, liposomal amphotericin B therapy was initiated (until day 93). He died of cerebral aspergillosis (parahippocampus) in the later posttransplant period. Patient 3 was positive in the plasma PCR only from days 16 until 24 but in the whole blood PCR from days 10 until 36. Pulmonary infiltrates were documented on day 28. She received conventional amphotericin B therapy from day 30. The patient died on day 45 of invasive aspergillosis.
Fungal DNA was amplified successfully from whole blood (6), serum (1), and bronchoalveolar lavage (4) samples. Until now, the sensitivity of a PCR assay has not been compared for different clinical specimens from the same patient. Thus, we analyzed 96 plasma and whole blood specimens from nine immunocompromised patients. Studies using spiked plasma and blood samples showed a comparable sensitivity for both materials (16) .
Spin columns are not recommended for DNA extraction from plasma, as there might be a high loss of target DNA. As strong PCR inhibitors like albumin and globulins might be present in the plasma, an extraction procedure focusing on complete protein precipitation is essential for amplifying DNA obtained from plasma samples. Therefore, phenol-chloroformisoamyl alcohol was used for protein precipitation.
In addition, we analyzed the sensitivity of samples stored at different temperatures. The sensitivity was comparable (10 CFU) for samples frozen at Ϫ20°C or Ϫ80°C for 7, 28, and 84 days. If plasma samples are frozen prior to DNA extraction, overnight shipment of samples to other laboratories is possible.
Moreover, we could demonstrate that conidia and hyphae spiked into plasma samples might grow at 4°C. This circumstance might disturb quantification when samples are stored in the refrigerator.
In whole blood samples, fungal cells floating in the blood or found within human leukocytes are pelleted by centrifugation at 1,500 ϫ g without releasing their DNA. Incubation with white cell lysis buffer containing proteinase K results in lysis of the leukocytes. Consequently, fungal cells are released. After centrifugation, cell debris and free DNA are decanted with the supernatant, whereas fungal DNA remains within the fungal pathogen. In contrast, in serum and plasma samples, only free DNA may be detected, as after centrifugation at 1,500 ϫ g, hyphal cells are mainly found in the pellet together with the leukocytes. Free-floating Aspergillus DNA might have been released from nonviable hyphae into the blood. This has been reported for cancer patients in whom mutant DNA from cancer cells was detected in plasma specimens (11) . Two decades ago, in patients with chronic autoimmune disorders, increased quantities of DNA were demonstrated to circulate in the plasma (9) . Thus, depending on the type of clinical material (whole blood or plasma), the sensitivity of the PCR assay may vary.
Bougnoux et al. (1) showed that purified fungal DNA injected into rabbits at a dose of 200 g was still detectable in serum samples for at least 120 min postinjection, demonstrating free DNA to be stable in blood specimens. In contrast, probably due to DNA-degrading enzymes like DNase and other nucleases present in serum samples, Rumore et al. (13) reported a half-life of circulating DNA of less than 5 min, indicating that the ability to detect free fungal DNA is dose dependent. Prince et al. (12) demonstrated that a minimum concentration of DNase in serum was required for degradation of human chromatin. In addition, it has been shown that EDTA abolishes DNase activity, enabling successful amplification of DNA after storage of EDTA-anticoagulated blood samples.
We conclude from this study that, despite the benefit that plasma can be shipped frozen without loss of sensitivity, DNA extraction from plasma is complex, and the sensitivity of the plasma PCR is lower than that of the PCR performed on whole blood samples.
